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Secondary metabolites from co-culture of two endophytic
Aspergillus strains from Gastrodia elata

Cui Qingya, Zhao Zhantao, Li Lei, Zhou Qilang, Zeng Jing, Tang Guihua
School of Pharmaceutical Sciences ,Sun Yat-sen University , Guangzhou 510006, China

Abstract: The co-culture of Aspergillus sp. TMw and A4. flavus TM1, two endophytic fungi isolated
from Gastrodia elata , was carried out using rice medium. The fermentation products were isolated
and purified by chromatographic techniques, and their structures were identified by modern spectro-
scopic methods. A total of 11 known compounds were obtained, namely ditryptophenaline (1) , cyclo-
( N-methylphenylalanyltryptophenyl ) (2) , 1, 3, 9-trimethyluric acid (3) , kojic acid (4 ) , methyl
5-(hydroxymethyl)furan-3-carboxylate (5) , B-sitostenone (6) , phomaligol A (7) , phomapyrone C(8),
bisphenol A (9) , 4-hydroxybenzaldehyde(10) ,and 4-(2-ethoxyethyl)phenol(11). The cytotoxic activi-
ties of compounds 1-11 were evaluated using the CCK-8 method. The results showed that only
compound 1 exhibited cytotoxicity against non-small cell lung cancer cell line H1975 with an IC,,
value of (11.69+1.56) wmol/L, while other compounds exhibited weaker or no cytotoxic activity.
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YA G YR R AEY AN FINEE SR
— (Techaoei et al.,2020; Lacerda et al., 2022 ; Sharaf
et al., 2022 ; Evidente et al.,2014) . 2K}, ££ 5 Hi BA
—ERAIE TR AT Rt DU AL A W) LR R R
MELAF A, BRI T HACE RS Az . A e
TR AL SR P b B R R] ) Ab 2 A B
Y, AT RS DR A 8 B, 75 7 AR R — g 57
T IC AR B A AR, © R KI5
A3k (1) 2L 9K i ( Tironi et al.,2024) .

i 25 8 (Aspergillus ) /E M 22 R H 3w AR E
Z— R G A = W A2 F & AR R LS
AH T BB, < 30 LR S KR 7 W) A 5 1) B BT 42
(El-Hawary et al.,2020) . # 15 (4. flavus)1F R i
8 B R 22 — (Adjovi et al., 2025) , Hok A AR
AR KB Dok FERETHRMEHERNAEY S
B PEFEAILE R A N A TR 2 A A N e A
B A R A= ARy WU it /D 52 3 G

A PR K L 1 T AR ) PR R A B R TR
BT 1975 1 VR AR 7 4 ) & B (L et al., 20265 £+ —
JUAE 20265 57574, 2025 BRAEMS %, 2025) o il
IHFRATTRE —#R 5 BF A KR N 2E BLIA Penicillium
ferraniaense GE-7 347 T W A=A F= W iU 58, A

20'

22

R BT EL A A N R Y A P B2 B 43 (Wang
etal.,2025) . TEMLIEAR b, AW 5T A ATE 81— T
R I 5 FR R, X IR BR Hr 20 185 1 9 o N A i
(A. flavus TM1 5 Aspergillus sp. TMw ) #£173LH5 3%,
IEFR G5 B HAREE ™ W) 1 Z2 B2 ROV 7 00 A= ) 0%
P, 2ol s TR B E N 11 MEEY)
(1), I e BRARA 1 1% A /) 24 e it s 240 o 2 300 13
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B 8 ) L IR WO B o A A P W i ) R
JBR PN A TR 5% U % ot e LR K AR B TR T
S T B SR

1 SEEGHERI

1.1 E5iEH

Waters-Micromass Q-TOF Hi, I 55 i % % (1K 45
i) ; Shimadzu UV-1750 285MG M &5 (5 HE) ; ALPHA
NZLAMMEEEE T (Fi -5 ) ; Avance 111400/500 MHz
W AR (A 58) s MLS-3781L-PC i R 28 1 K i
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I B 28 ) 7 Bl B IR 35 97 &L (PDA, 3Bl il 4R
V) s K2 JZ T IE A ARG (75 S W VE AL 1) 5 5 B JFOR}
(20~150 pm, @A) s RRAHEERE (BR7E) . CCK-8
KA & (5 222210345, JL 5T R K E R A R A
7)) ; DMSO(H#t 5 : 67-68-4, 41 [ >99% , Z A5 Y7 )
HAEE R (E 25 #E5 120180014, ML A% - 0.25 ) g A
To 8 By 3 1 B ) 256 BR 23 WD
1.2 HE#RSKRIE

LB T AR TM1 T TMw 25 MU i KRR 43 8 15
F, M4 ITS J37 5153471 (GenBank % 5% 5 43 51l
MT645322.1 FIMT645617.1) , Rk B Ak i 2R 4= )
FOARA B T 43 3 %78 S e 85 0 AL flavus F1ith 25
J& E 1 Aspergillus sp.. W MR RAE T 1 K222y
1.3 HEFE&H

5 5 b ELTEH TMI A1 TMw 43 313 Fh T PDA
M b (1 LZRMAK G 24 ¢ R EHEE T A8 ¢
BUIERY ), F 28 cCARM TGt 7 dJm #2214
Rl T K 1 (1) PDB WA 35 552 5 (100 mL 2818 K 7
2.4 g DAL EEIME TR ), TRE TR IR G B IR
(28 °C, 180 r/min) 8557 3 d, JRAGFP 7. K PiRh
Pl 4% 10 1 EL9] (45805 mL) , [R] k42 K B Ak
TR R K [ 25 05 5 5 (120 0, B0 24 100 g KK A
100 mL ZE 187K ), 7 28 °C M #5552 28 d.,
1.4 EEYNEDRNSHSHE

WAL R 5 W OR R s B R I, TR TR
LERIATRB R RO e s, 15 5] 107 g MR . B4
AR B N E) 200~300 H 14 1E AH A @35 HE o, DA
PE:EA{KZ (200: 1—0: 1, FRF LG ) BHEE VRIS, 3845 13
A4 5 (Frs. A~M) . Fr. C MK IR 28 Uit iK £8 15 4%
(MeOH ) 1 1 AH fif: Ji2 €033 4 [ i 2h AH 4K 5 2 DCM:
MeOH(100:1—30: 1 /& L) |2tk 515 21654 2
(12 mg) .6(100 mg) F14(120 mg) . Fr.F 4K FHIEAH
R 0 3 A% [ sl AR & DCM: MeOH (100: 1—
20: 1, ARFH b ) TR i) £ = 30 R €235 [ Nanochrom
250 mmx10 mm, S-5 pm, 3 mL/min, H,O0: ACN=3:2
(RRULE) T 7 alife, 3 2L 5 9 10 (11 mg, t,=
5.3 min) F111(2 mg, £,=8.0 min), Fr.GIKIRZIEME
JE (8,343 [ R B AR 1A 2 o DCM: MeOH(50: 1—10: 1,
ARG T BRI (3% (MeOH ) Fl2J4 4 4 2 R AH €1
7% [ Nanochrom 250 mmx10 mm, S-5 pm, 3 mL/min,
H,0:ACN=1: 1 (KB L) 108, S8k E597
(2 mg,#=5.1 min) .8(4 mg, £,=7.5 min) A1 9(11 mg,
t=6.1 min) . Fr. K MK 2 1E AR AR €0 3% A [ 3 s Al

1A % N DCM: MeOH (100: 1—10: 1, /K FL 1t ) T F12k
il 4% 155 2% W A €5, 3% [ YMC-pack ODS-A, 250 mmx
10 mm, S-5 um, 3 mL/min, H,O: ACN=11: 9 ({4 f
k) JuERR 1538065 1(18 mg, £, = 10.0 min), Fr.M
R 2 C o AR RE I 0335 4 [ I 2 4 1 5 S MeOH :
H,0(3:7—10: 0, KRB EL ) | 1 AH A i € 1 A3 [ 3 3
AR Z A DCM: MeOH (50: 1—10: 1, & F L) ] %
B 3% FE (MeOH) Fi1 2 il £ &5 20 W AH 3%
[ Nanochrom 250 mmx10 mm, S-5 um, 3 mL/min,
H,0: ACN=2: 1 (& B Lk) [ B alifb , 15 A9 3
(12 mg, £=10.2 min) f15(62 mg, #,=5.0 min) .
1.5 &M ERSEETEMN

K CCK-8 & 1Al 11 4~E & ¥ % H1975 41 it
PREYBEIEVE ] o 5 B4 T B A K I Ry A /Nl
Y6 il 3 0 L TR 0 L R 96 FLAR (B3L 3x10° />4
FRL) B 2 G 1) 400 R T 5 57 48 (IRLEE 37 °C . CO, IR
TR 5%) R SR i o IR H #EA T2 hb 21 - 52 55
H 2] IR e FEVEE Tl 40 pmol/L , 5 JH A5 Bk
e il 6 e B B, Rk BE ik 3 AL 5 R s Sr
DMSO ¥ 7] % B8 20 F1 5 35 8 2 PH A% 25 0 % B4
YRSERE 7 72 b, BEJS A 10 uL CCK-8 1A 7% , 4k 4L 55
7% 1.5 ho 35 2 5L A W' BE A I e 0 4 R
450 nm) , B E 3K . A A P 2 B ik
(1C,) {1 Prism 9.0 #4E 43 Hrit 5 A5t .

2 R

2.1 UEVEHEE

AW 1. A EEHRES & 50+ CLH,NO,,
MS (m/z 693.3[M+H]") ,[ a *~130.5(c 0.2,MeOH) ,
AL AW A% RG5O 'H NMR (500 MHz,
Chloroform-d)d,7.55(4H,dd,J=8.1,6.3 Hz,H-20/22/
20'/22'),7.49(2H,d,J=8.1 Hz,H-21/21'),7.14(4H,
d, J=6.3 Hz, H-19/23/19'/23") , 7.06 (2H, dd, J=7.6,
7.5 Hz,H-6/6") ,6.96(2H,d, J=7.6 Hz,H-5/5') , 6.69
(2H, dd, J=7.6,7.5 Hz, H-7/7") , 6.54 (2H, d, J=7.6
Hz,H-8/8'),4.81(2H,s,H-2/2") ,4.25(2H,d, J=4.2
Hz, H-15/15") ,3.65(2H, dd, J=4.8, 12.1 Hz, H-11/
11'),3.52(2H,dd,J=4.2,14.3 Hz,H-17a/17a’) , 3.24
(2H,dd, J=4.2,14.3 Hz,H-17b/17b') , 3.02(6H, s,
H-24/24') ,2.00(2H, m, H-12a/12a’) , 1.66 (2H, m,
H-12b/12b’) ; *C NMR (125 MHz, Chloroform-d) d,
165.5(C-13/13") ,164.1 (C-16/16") , 150.3(C-9/9") ,
134.6(C-18/18'),129.8(C-6/6'),129.50(C-20/22/20"/
22'),129.4(C-19/23/19'/23"),128.1(C-21/21"),126.6
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(C-4/4"),125.9(C-5/5"),119.1(C-7/7") , 109.8 (C-8/
8),78.8(C-2/2"),63.3(C-15/15"),59.1(C-3/3"),
58.7(C-11/11"),36.3(C-17/17"),36.1(C-12/12") ,32.7
(C-2424") . LREHE 5 Ma et al. (2022) i 38 A
FAF, RIS 24k -& %7 1 8 ditryptophenaline .
&Y 2: kA, 5 F Xk C,H,N,0,, MS
(m/z 3502 [M+H]") ,[a"-34.4(c 0.6,MeOH) , %
& & W 0 K% fiE B8 - 'H NMR (500 MHz,
Chloroform-d) 6,, 7.50 (1H, d, J=8.0 Hz, H-6) , 7.40
(1H,d,J=7.5 Hz,H-3),7.33(2H,dd,J=7.8,7.6 Hz,
H-21/23),7.19(1H,d,J=7.8 Hz,H-22),7.19(2H, m,
H-4/5) ,7.11(1H, m,H-9),6.76 (2H, d, J=7.6 Hz,
H-20/24),4.22(1H,t,J=4.0 Hz,H-11) ,4.09(1H, m,
H-15),3.22(1H,d, J=4.0 Hz,H-10a) ,3.18 (1H,d,
J=4.4 Hz,H-18a),3.13(3H,s,H-14) ,2.22(1H, m,
H-10b) ,2.00 (1H, m, H-18b) ; *C NMR (125 MHz,
Chloroform-d) 6. 165.9 (C-16) , 165.8 (C-12) , 136.6
(C-2),135.1(C-19),130.6(C-20/24),129.1(C-21/23),
127.9(C-7),126.5(C-22),123.6(C-9),122.7(C-4),120.0
(C-5),118.9(C-6),111.5(C-3),110.2(C-8),63.3(C-15),
55.4(C-11),36.9(C-18),33.3(C-14),31.1(C-10), Fi&
4 5 Ma et al. (2022) 38 FEAS A AT, P G562 1k
A% 2 A cyclo-( N-methylphenylalanyltryptophenyl) .
EY3: IR A, 7 TN CH N0, MS(m/z
211.1 [M+H]") . ZA6E A% G5 E 5 . 'H NMR
(400 MHz,DMSO0-d,)d, 3.52(3H,s,N-Me),3.38(3H,
s, N-Me) , 3.09 (3H, s, N-Me) ; *C NMR (100 MHz,
DMSO-d,) 6. 152.4(C-6) , 151.8(C-8) , 150.6(C-2) ,
136.8(C-4),97.3(C-5),31.1(N-3-Me) ,29.5(N-9-Me) ,
28.0(N-1-Me) . FiR%HE 5 Ngoc et al.(2024) i 5
AFHAF, RIS A A3 41,3, 9-trimethyluric acid.
B 4. T ERIRE AR, 53720l CH0,,MS(m/z
143.0 [M+H]") . b &P A% EEE > . 'H NMR
(400 MHz,DMSO-d,)d, 9.05(1H,s,5-OH),8.01(1H,
s,H-6),6.34(1H,s,H-3),5.67(1H,t,J=5.6 Hz,7-OH) ,
429 (2H, d, J=5.6 Hz, H-7) ; *C NMR (100 MHz,
DMSO-d,)d. 174.1(C-4),168.2(C-2),145.8(C-5),139.3
(C-6),109.9(C-3),59.5(C-7)., Lid%di 5 Ying etal.
(2012) B FEAFHLT , L4 e b &4 4 R it
AW S: HEM A, 2 CH0,, MS (m/z
157.0 [IM+H]") . ZAb& W% REEHE > . 'H NMR
(500 MHz, Methanol-d,) 6, 8.01 (1H, s, H-2) , 6.49
(1H,s,H-4),4.42(2H,s,H-7),3.75(3H,s,6-OMe) ;
3C NMR (125 MHz, Methanol-d,) 6. 176.6 (C-6) ,

170.9(C-5),149.7(C-3),140.5(C-2) , 111.5(C-4) ,
61.1(C-7),57.0(6-OMe) . - %( ¥ 5 Evidente et
al. (2009) i LA AT, M ek G sH
methyl 5-(hydroxymethyl) furan-3-carboxylate

A 6: A, 43 F X H CWH,O,MS(m/z
413.4 [M+H]),[ @ [X+89.9(¢ 10.1,MeOH) . Zfb&
Y s EdE 4 . 'H NMR (500 MHz, Chloroform-d)
,5.68(1H,s,H-4),1.15(3H,s,H-19),0.90~0.75(12H,
m, H-21/26/27/29) , 0.68 (3H, s, H-18) ; "C NMR
(125 MHz, Chloroform-d)d. 199.5(C-3),171.6(C-5),
123.7(C-4),56.0(C-17),55.9(C-14),53.8(C-9),45.8
(C-24),42.4(C-13),39.6(C-10),38.6(C-12) ,36.1
(C-1),35.7(C-22),35.6(C-8),34.0(C-2),33.9(C-6),
32.9(C-7),32.1(C-20),29.1(C-25),28.2(C-16) ,26.0
(C-23),24.2(C-15),23.1(C-28),21.0(C-11),19.8(C-
27),19.0(C-21),18.7(C-19),17.4(C-26),12.0(C-18),
11.9(C-29), [ iA%44ki 5 Prachayasittikul et al.(2009)
I FEAAART , IS 25 6 o B4 (1

WA T: iR, 531 2R €, H, 04, MS (m/z
285.1 [M+H]") [ a ’+67.6(c 0.23,MeOH) . Z%it&
Y AZ TGS M« 'H NMR (500 MHz, Chloroform-d)
0, 5.56(1H,s,H-4),3.86(3H,s,3-OMe) ,2.49(1H,m,
H-2'),1.72(1H,m,H-3"a),1.69(3H,s,H-7),1.65(3H,
s,H-8),1.49(1H, m,H-3'b),1.16(3H, d, J=7.0 Hz,
H-5'),0.95(3H,t,J=7.5 Hz,H-4") ; *C NMR(125 MHz,
Chloroform-d)d. 202.8(C-1),191.9(C-5),176.0(C-1"),
173.3(C-3),100.1(C-4),81.3(C-6),73.7(C-2),57.0
(C-12),40.0(C-2"),26.8(C-3"),24.2(C-8),23.5(C-7),
16.3(C-5"),11.5(C-4") . il ¥ds 5 ok g 2 55 (2025)
B FEAAHST , L % %2 AL A4 7 4 phomaligol A

AW 8: sk g fh, 4 T2k CH,,0;,
MS(m/z 183.1 [M+H]"),[ a P*+18.7(c 0.10,MeOH) ,
Z AL A W A% G EPE O 'H NMR (400 MHz,
Chloroform-d)é,, 5.99(1H,s,H-5),2.44(1H,m,H-7),
1.95(3H,s,H-11),1.69(1H,dq,J/=14.3,7.3 Hz,H-8a),
1.51(1H, dq, J=14.0, 6.8 Hz, H-8b) , 1.18 (3H, d,
J=7.0 Hz,H-10) ,0.86(3H, dd,J=7.3, 6.8 Hz,H-9) ;
3C NMR (100 MHz, Chloroform-d) d. 167.2(C-4) ,
165.1(C-6),164.7(C-2),99.1(C-5),98.7(C-3),39.8
(C-7),27.5(C-8),17.9(C-10),11.7(C-9) ,8.2(C-11),
AR EE K TR (2017) HEE FEAR AT, P 28
1k 8 4 phomapyrone C.

B9 Taimik, X8 € H,0,,MS(m/z
229.1 [M+H]") . ZAG W REEHE N - 'H NMR
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(500 MHz, Methanol-d,) J,, 7.01 (4H, m, H-2/6/10/
12),6.64(4H,m,H-3/5/9/13),1.56(6H,s,H-14/15) ;
3C NMR (125 MHz, Methanol-d,) .156.0 (C-4/8) ,
143.5(C-1/11),128.7(C-2/6/10/12) ,115.5(C-3/5/9/13),
42.5(C-7),31.7(C-14/15) . L% 5 3 Je 52 4%
(2023) R IE FEAFRF , S 2L B9 9 AU A
a8 10: A EEIRE & 70k CH0,,
MS(m/z 123.0 [M+H ") . b & W% REE R 7 -
'H NMR (500 MHz, Chloroform-d) ,, 9.86 (1H, s,
H-7),7.80(2H,d,J=8.5 Hz,H-2/6),6.96(2H, d, J=
8.5 Hz, H-3/5) ; °"C NMR (125 MHz, Chloroform-d)
dc 191.1(C-7),161.8(C-4),132.5(C-2,6),130.0(C-3,
5),116.1(C-1) . Fid% s 5 7 55 (2006) iz 18
FEAKART , DS 78 A0S0 10 S % R 3 F e
A1 HERAE, 7 T2 C,H,,0,,MS(m/z

(a) A P1~117E20F140 pmol/L Il 5

120 = 20 pmol/L
Bl 40 pmol/L

100

80
60
40

HHPIAFE /%

20

0,

7 8 9 10 11

181.1 [M+H]") o ZAE W ZREEHE A : 'H NMR
(500 MHz, Chloroform-d) §,, 7.08 (2H, d, J=8.1 Hz,
H-2/6),6.77(2H,d,J=8.1 Hz,H-3/5),4.23(2H,t,J=
7.1 Hz,H-8),2.86(2H,t,J=7.1 Hz,H-7),2.04(3H,
s, 8-OAc) ; “C NMR (125 MHz, Chloroform-d) 6.
169.5(8-OAc),154.9(C-4),130.2(C-1),130.2(C-2/6),
115.5(C-3/5),65.3(C-8),34.3(C-7),21.1(8-OAc) .
AR S AT S (2021) FRE A AT, R %
EAEW 11 R 4-(2-Z A FL 2 HE) HE iy
2.2 HREEHLER

WIERI T A6A ) 1~11 %7 H1975 20 ik i 20 it
TP (K 2) . &3 ditryptophenaline(1) 2B H 5 BH
PEXF IR AR JE [1C,, fE 4 (10.44+0.44) pmol/L 14
410 20 B 5 P L L IC, (8 (11.69+1.56) pmol/L,
HAEAYIAE 20 umol/L I N o7 s i 27

(b) AR R 2% K 1Cso

120 7
. ICs=(11.69+1.56) pmol/L
80
60

40

MPLAF T/ %

20+

0 T T
0.0 0.5 1.0 1.5 2.0

log;g[¢/(umol-L )]

B2 LAY 1~11 % H1975 4 fafA M i 5 5 i
Fig. 2 Effects of compounds 1-11 on the in vitro anti-proliferation of H1975 cells

3 45 iE

A SC N KRR N A 1th B Aspergillus sp. TMw Fl
A. flavus TM1IY R K 2 3% 552 72 9 v 43 185 55 06 1
1142 %1k &%, A4 ditryptophenaline (1) .
cyclo-(N-methylphenylalanyltryptophenyl)(2) .1,3,9-
trimethyluric acid (3) . [ifi % (4) . methyl 5- (hydroxy-
methyl) furan-3-carboxylate (5) . B -7+ £ Hi (6) .
phomaligol A(7) .phomapyrone C(8) XL A(9) X
FEARHIEE(10) F1 4-(2- O F L CH) A (11) . |
G R G B E A SRk E H

S Lk

st B % e B A 2023, R BRI 2R Ak LAY
Je H A2 G PE (T ] H izl , 45 2579-2584.

LG A Z M AE Y. Bl A 3 A
A 20 B B AP B TG T (Ngoc et al., 2024) ;4659
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